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Abstr a ct
Re c e nt cha nge s of Ara l Se a, Lake Balkha sh , Bo ste n Lake a nd
othe r lake s ln C entral Asia w e r ea n aly2.e d wltb the m ultl - tempo -
r al L A N D S A T/M S S a nd N O A A/A V E RR daLta , T he r ela tio n ship betw e e n
chan g
■
e s; of w ate r a r e a a nd v egetatio n w a sln v e stlgated ba s ed o n
t.he a n alyzed r e sul ts of s atel lite da ta a nd G IS data . =t w as
pr e s u m ed tha t the w ate r a r e a de c r e a s e wa s c all S ed by
､
w ate r c o n-
s u mptio n ln v ege ta tio n a r e a.
1 . In tr odu ct io n
Th ls study aim s to m o nito r the r e c e nt chan ge s of Ar al S e a ,
Lake Balk ha sh , Bo st e n Lake a nd othe r lake s in c e ntra l Asla . The
fe atu re s w e r e ex a min ed by an alyzing the m ultl - te mpo r al
L A N D S A T/M S S a nd N O AA/ V H R R data . T he cha nge s of w ate r a nd
v egetat io n a r e a a r o u nd t he lake a nd l ts‾ vlclni ty fo r t he 1 9 7 0 to
1 99 0 ye a r w e re m e a ≦∋u r ed by c o mpa ring the la nd c o v e r cla s; si f ica -
tio n im age s ba s ed o n s atellite data with the ge ogr aph lc al lnfo r-
m atlo n data . Refer rlng to the TneteO r Olo glcal da ta , t he a n a-
lyzed r e s ults ind ic ated the cha ra cte rlstic s of cha nge s on lnd l-
vi du a1 lake s . 工t w as pr e su m ed that the m ethod u sin g sa tel l lte
im age w a s zn ost ef fectiv e to in v estigate the r api d cha ng
･
e s of
lake s a nd its nelgh bo rlng v egetatio n a r e ain a ri d a nd s etni- a ri d
la nd .
2 . Ge ogr aph ic al fe atll re S Of obje ct a re a s
The obje ct a re a s of lake s a r edra w n by br oke n l in e s in F lgu re
1 . T he ge ogr aph lc al fe atu re s of obje ct lakes a r e as fol low s:
(1) Ar al Se a
Ar al Se a is a s alt lake layin g o n the bo u nda ry betw e en Ea z ak h-
st. an a nd Uzbek ista n in Ce ntr al Asia . Syr Da r
'
ya and Am u Da r
'
ya
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f lo w into Ar al Sea . La rge delta s
‾
11 S ed fo r ag
･
ric ul tu r al la nd a r e
fo r med ln e a eb riv e r mo uth . Ae c o rd in g to sta tistic al so u r ce s,
Ar al Se a ha s abo ut 6 6, 5 0 0km2 , 53m in lake s u rfa c e ele v at io n , 1 5m
in a ve r age depth , and 6 8m in de epe st･ w ater . A N O AA A VE RR im a ge
of the obje ct a r e a is sho w n in Figu r e 2 .
(2) Lake Balkha sh
Lake Bal kba sh ls elo nga ted fr o m e ast to wes t
stan . Sev e r al riv er s in clud ing Ill , Ear atal a nd
s o uthe r n pa rt of Lake Bal k ha sh . Vegetation
a gri c ul tu ral land spr e ad alo ng the s e riv e r s.
statistic al s ou r ces , Lake Balk ha sh ha s abo ut 1 8, 43 0 km
2
, 6
y
m in
a v era ge depth , a nd 2 6m in de epe st w ate r. A N O A AAVH R R im age of
in e a st I(a z ak h-
Aks u f lo w into
a r e a su s ed fo r
Ac cord in g to
the obje ct a r e ais sho wn ln F lgur e 3.
(3) Bo ste n Lake
Bo sten Lake ls lo c at ed ln no rth - e a st Ta rl皿 Basln
Eal du riv er f low into no rth- w e st of Bo st en Lake .
o utf lo w riv e r fr o th s o uth - w e st . Ac c o rdin g to
so tlr C eS , Bo sten Lake ha s abo ut 9 9 0km2 , 8m in a v e ra ge
16 .･5m･1n de epe st w ate r. A N O A AVER R im age of the
is show n in F igu r e 4 .
of Ch in a .
The r e ls a
sta t istic al
depth , a nd
obje ct a re a
3 . Ana lysis of s ate ll ite data
LA N D SAT- M S S and NOAA A ⅥIR R data in s u m m e r s e a s o nfro m the
19 7 0' s to the 1 9 90 ' s w e r e a nalyz ed . The a n aly sis pr o c edu r e is
a s show n in Figu r e 5 .
T he lT10 S aicked im age s w e re ge ne r ated by u sing se v e r al s ce n e s of
LAN DS AT M S Safter r ad io m etric a nd ge o metric c o r r ectio n. Gro u nd
co ntrol point(G CP)s we r e sele cted o n the satel l ite im age s wltb
r efer ring to m aps and ge ogr aph ic al info r m atio n data .
fo r the
o rle ntatlo n to the Co o rd ina te s of a m ap pr oje ctio n . T he r e s a m-
pling ope r atio n w a sp e rfo r m ed for e a ch s atel lite lm age by n e a r e st
n elgb bo rbo od m etl10d.
No r m al iz ed d i f fe ren c e v egetat io n inde x (N DV工) im age wa s ge n e r-
ated fo r e ach data u slng visi bl e and ne a r- infr a r ed ba nds .
La ndco ve r ty pe s of w ate r, ba re s oi l a nd v egeta tio n w e r ed is c rimi -
n ated wi th NDV工 1Tn age S by a thre shol dm ethod . Wate r and v egeta -
tio n a rea ･ and the se cha nge s ar o und the lake a nd its vicinity fo r
the 19 70 to 1 990 ye a r w er e an alyzed by c o mpa rin g with the m ul ti -
t e 皿pO ral la ndco ve r cla s sif ied im a ge s a nd ge ogr aphlc al info r m at io n
dat･a . F in a1 1y ･ a c o mpa r ativ e a n alysis of fea tu re s a Tn Ong the
lake s w a s ca rried o ut r efe rrin g to the m ete o rologic al data .
4 ･ Ch8･n ge S Of y ate r a nd v egetatio n a r e a
Ea ch lake ' s w ate r a nd v e getatio n a re a, a nd the s e cha nges
obtain ed fr o m the analysis; Of LAN DS A T M S S a nd N OA A A VH R R w e r e
obs e r ved a s fol low s :
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2 . 1 Ara l Se a
By 1 9 9 2, the w ate r
tlle a re a Shown in the
tlo n data of 1 9 60
-
s .
ip the e a st a nd s o ut h
be cle a rly se e n alo ng
a re a of Ar al Se a w as shru nk to a.bo ut 5 5% of
statistical table and ge ogr aph ic al info r 皿 a-
The sho r el in e lndic al: ed re m a rkable change s
lake si de
tll e W e st
tou che s the ste ep cl i f of the
sll Orellne fo r the p a st abo ut 30
tlo w e v er
,
sho r el lne
plate au .
ye a r sha s
the cll a nge S C oul d n ot
be ca u se the w est si de
T he mo v e m ent Of ea st
at tain ed a p pr o xim ately
70km in m axim u m by co mpa ring with tho s e of 皿 aP a nd geo graph ic al
info r m at io n da ta .
alo ng the inf lo w
pr es u med that the
inf low dec re a s e
a re a.
On the othe r ba nd , the v egetat io n are a s;
rまv e r s lndle at ed cle a rly ln e r e a∈; e . 工t w a s
r apid sll rlnka ge of lV ate r a r ea W a s C a u s ed bア tbe
du e to t he ir rlgation e xpan sio n in v egetat io n
2 . 2 Lake Bal k ha sh
By 1 9 9 2, abo ut 9 % shrinkage of Lake 】〕al k ha sh to the w ate r
a r ea of 197 5 w a s ind ic ated in the a r e a alo ng the s o uth sho r白 -
1in e . The r api d cha nge of w ate r a r e a w as obs e r v ed fo rL the
p eriod fro m t:he s e c ond half of the 1 970
T
s to the 1 9 80 ' s . The
re m a rkab le cha nge s of sho r el ine c o uld be cle 8.rly s e e n ar o u nd spit
in the c e rltr al pa rt of Balk ha sh a nd its vicinlty . T he v egeta -
tio n a r e a s alo ng the inf lo w rive rs indicated cle ar in c r e a se .
Eo w ev e r, the cha nge of w ate r a r e a w a s s m al le r tha n that o f Ar a l
Se a be c a u se the e xpan sio n of v egetat lo n are a w a snot ､ s o r api d a s
ln the Aral Sea .
2 . 3 Bo ste n Lake
The r elat io n sh ip betw e e n sl ight cha nge s of w ate r a r e a a nd
v egetatio n a r ea in Bo ste n Lake w a sindic ated .
.
工n c o ntra st with
the cha nge s of Ar al Se a a nd Lake Bal k ha sh , t he v aria tio n of
Bo ste n Lake w a s alit t le bec a u s e of the bala n c ebe tw ee n inf low
and o utf lo w v olu m e of riv e r w ate r . M11 t l- te mpo r al ≦;atel l te
obs e r v ed H igh spatial r es olutio n data m o re tha n that of N O A
A VE R Rdata is n ece ss a ry to a n alyz e the detail cha nge s in Bo ste n
Lake .
5 . Res ult o f data a n alysis
As the a n alysis re sul ts of satel lite data , the shrinka ge
w ate r a r e a s c o r r e spo nd ing to the expa n sio n of v egetatio n a r e a s
t,he r egio n of Ar al Sea a nd Lake Balk ha sh w e r e cle a rly sho w n
Flgu r e 6 . Ac co rdin g to the Tn ete O r Ologic al ol)s e r v atio n data
of
in
a S
ln
r e c ent ye a r s bas ed o n the Wo rl dMo nthly Su rfac e Statio n Cl im atol -
ogy , tbe pr e elplta tlo n a nd the va po r pr e s su re w e r elnd lc atln g a
slight ln e r e ase te nde ncy o r alm ost u nchan ged le ve l , the te mp e r a-
tl r e W a s Slight ly risin g ln a nd a ro und the s e obje ct a r ea s .
Du e to the abo v e r e s ul ts . tbe cha nge s ln thes e a rea s c o uld
no t be e xpla in ed o nly fr o m el lm ate cha nge s ln the viclnlty . 工t
wa s pr e s u m ed that t he main r ea so n of the s e lake s w a s c au sie d by
the inflo w w ate r de c r e a s edu e to t he irrigatio n e xpa n sio n alo ng
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the inflo w rュv ers . The r e Jn a rkab le chan ge s c a u sed by the influ -
e n ce of hu m a n a ctivitie s sho w n ln thls pape r wer e ob s e rv ed in
o the r lake s of c en tr al A sia ･ 工n c o nt r ast with the abo ve lake s,
the sl igh t v a riation of Bo ste n Lake w a s indic ated by r ea so n of
the bala n c ebetw e e ninf low a nd o utflo w v olu m(≧ of riv e r w ate r .
On the othe r ha nd , Ca spla n Sea , the wo rl d' s la rge st lake in
a r e a, show ed the risin g of s e a le v el 1n the re ce nt ye a r s ba sed
on the an alysis re su l t. of s at ellite data .
6 . S Ⅷ a ry
T he cha nge s of lake w ate r a nd v egetat io n a re a in Ce ntr al Asia
vT er e S umm a riz ed bas ed o n the tim e s e rie s satellit e data .
1) T he r e ma rkable shrinkage of w ate r a r ea in the re gio n of Aral
Se a a nd Lake Balk ha sh w a s r e c ognlz ed ･ Th is re su l ts co r r e spo nds
to the inf low w ate r de c r e as e du e to t he lr rlgatlo n e xpa n sio n ,
be ea ll Se the vegetatio n
2) Tbe v a rlatlo n of
balan c e betw e e n inflo w
3). By 199 2･, abou t
abo ut 9 % shrink& ge of
ed .
a r e a Va S gr o win g alo n g the inflo w rive r s.
Bo ste n Lake w a s alit t le be c a lユS e Of the
a nd outf lo w vo lu m e of riv e r w ate r.
4 5 % shrinka ge of w ate r a r ea ln Ara l Se a ,
w at er ar e a ln Lake Balk ba sb w e r e lnd lea t -
4) 工t is pre s um ed that s atel l ite im age is m o st ef fe ctiv e to
in ve stigate the rapi d cha nge s of lake s in a ri d and s e mi - a ri d
la nd .
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